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Report To: Dr. Don Berdahl/Mr. Greg Reynhout (Kalsec®, Inc.) / ‘

From: James Lin (S & J Laboratories; Inc.)

Date: November 14, ,20(}5

Title: Pathogen Inoculation Study- af Ground Beef Under MﬂdM A;tmﬁsphere Package
(MAP) Conditions

SUMMARY

Pathogens, Salmonella spp. or . cali O157:H7 were inoculated into fresh ground beef at a
 targeted level of 1,000 cfu/g or 5,000 cfu/g and packaged under a modified atmosphere

containing either 0.4% carbon monoxide, 30% carbon dioxide and 69.6% nitrogen or 82%
oxygen and 18% carbon dioxide. The ground beef ;;mkaged in the oxygen-containing
atmospheres were treated with rosemary extract (Herbalox® Sﬂasomng)g. an mgreﬁmnt
commeonly added to the majority of the commercial MAP ground beef'sold in the US.
Samples were stored at 4° and 10°C incubators for the periods of time indicated in the table.
Microbiological analyses were performed periodically by 8 & J Laboratories, whereas the
colorimeter readings (L*a*b* valugs), atmosphere. composition analysis, and photography

- were conducted by Kalsec® personnel. The microbial data, the effects of incubation

temperatures, and the effects of ammsphere conditions on microbial gmwth and appearance
are presented.

Preparation of Bacterial Cu Itares

A cocktail of four Salmonella species (S. anatum ATCC 9270,'S. choleraesuis ATCC10708,

S. enteritidis ATCC 13076, and . w&murmm ATCC 14028) were used for the Salmonella
inoculation study. The inocula of E .coli O157:H7 were -a mixture of three strains
(ATCC43894, CDC EH7-2, and CDC EH7-5). Each culture was mmulwt&zﬁ into Trypticase
Soy Broth and incubated fm 24+ 2 hours at 35 + 2°C. The cell-suspensions were prepared by
mixing approximately equal numbar of cells of each species or mm,s The concentration of
the inoculum was determined by the spread plating method, The su&pansmm were further
diluted in Butterfield’s lesphate Buffer dilution water to- aci;wve the targ&ted concentration.

The ground sirloin was oblained from Harding’s Market in the form of chubs, Two random
samples were taken from two chubs for the initial mmmbm‘i profile evaluation. The ground
meat was weighed into 4 pound batches: and if appmpnaiﬁ maculated with culture suspension
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or treated with Herbalox® Eeasamng {0.1% by wmght of HT-50, cade 41-19-35, lot 8348-C)
before being blended for 2 minutes in a C-100 model Hobart mixer on the slowest speed. The
inoculum concenirations were targeted at 1,000 cfu/g fme! 5,000 %ﬁr/g for Salmonelia spp., and
1,000 cfu/g for £. coli O157:H7. After Hobart mixing, the gmumi beef was weighed into half-
pound portions and ground through-a %" plate (Grinder Model: TS8, OMAS USA, Inc.)
before packaging. The half- pound portions were packaged into Cryovac C971 trays using an
ILPRA Modified Aunosphere Packaging (MAP) machine ( med%l Food Pack Basic V/G DGT
) with barrier film. Ground beef samples were packaged in §2% oxygen/18% carbon dioxide
or 69.6% nitrogen/30% carbon dioxide/0.4% carbon monoxide according to the experimental
design. The MAP machine was sanitized after packagmg was completed. Sponges (sterile)
were used to sample all contact surfaces of MAP machine after sanitation to ensure there was
no contamination of the equipment i;y Salmonella or E .coli O157:H7 after the study. As
further confinmation of successful sanitizing, commercial samples of retail ground beef
packaged after the expsﬁmem tested negative for the presence of the test pathogens,

- Salmonella and E. coli Q157:H7,

All test ground beef sample trays were stored sﬁhex at 4°C a:r 10°C mmﬁ dark. On the day of
analysis, samples were pulled and carbon dioxide and oxygen levels were measured using a
Dansensor Checkmate 9900 (data net shown). Color analyses were performed using a
Minolta CR-300 hand held Colorimeter to generate CIELAB L*a*b* values. Microbiological

“testing including aerobic plate cotnt, anaerobic plate cotnt, psycmu@phs gount, and
Salmonella/E. coli 0157:H7 count were performed fal}ewmg the color measurement on two
randomly pulled samples from each package. 3M’s (St. Paul, Mnmmsma) Petrifilm plates
were used for aerobic, anaerobic and psychrotrophs-count measurement. For the quantitative
analysis of Salmonella and E. coli O157:H7, the pre-poured selective agar plates, EF-18 and
SD-39 plates were used (Neogen Corporation, Lansing, Michigan). A Nikon cool pix 950
digital camera was used to phamgmph a razxéamiy selected tray from each treatment at each
analysis period. Selected photos are attached in Appendix L

Total of 11 treatments of samples were prepamd as follows:

1. Ground beef in 0.4% carbon monoxide, 30% carben daax;ﬂa and 6? 6% nitrogen stored at
4°C, (Control CO4C i’ tab!e and gr&phs}

2. Ground beef in 0.4% carbon monoxide, 30% carbon dioxide and 69.6% nitrogen stored at
10° C. (Control CO 10C in table and ’graphs) \

3. Ground beefin 82% oxygen and 1&% carbon dioxide with 0. 10% HT-50 stored at 4° C.
{Control O2 4C in 1able and graphs) f

4. Ground beel in 82% oxygen and 18% carbon dmxu}e with 0.10% HT-50 stored at 10° C.
(Control O2 10C in table and graphs)

. ”2»



5. Ground beefin 82% oxygen and 18% carbon dioxide inoculated w/1,000 cfu/g
Salmonella wi0.1% HT—5G stored at 4° C. (1000 Sa’imﬂmﬂa 02 4C in table and graphs)

6. Ground beefin 82% oxygen and. iS% carbon dioxide mmu%awd w/1,000 cfu/g
Salmonella w/0.1% HT-50 stored at 10° C. {1600 Salmonella. o2 10C in table and graphs)

7. Ground beef in 0.4% carbon. mmxzde 3(3% carbon dioxide and 69.6% nitrogen
inoculated w/1,000 cfiv/g Salmonellzz stored at 4°-C. (1000 saimmeﬂa CO4C in table and

graphs)

8. Ground beefin 0. 4% carbon monoxide, 30% carbon dioxide and 69.6% nitrogen
inoculated w/1,000 cfu/g Salmonella stored at 10° C {1000 Sahaneﬁa CO10C in table and

graphs)

9. Ground beef in 0.4% carbon monoxide, 30% carbon. dioxide and 69.6% nitrogen
inoculated w/5,000 ofu/g Salmamﬁa stored at 10° C {ﬁ@@ﬁ" ‘Salmonella CO 10C in table and

graphs)

10. Ground beef in 0.4% carbon monoxide, 30% carbmn dipxide and 69.6% mtrogm
inoculated w/1,000 cf/g E, t:at'z O157:H7 stored ai 10°°C. (1000 B 0ol CO 10C in table and

graphs)

11. Ground beef in 82% oxygen and 18% carbon diexide mﬁmted w/1,000 cfu/g E. coli
O157:H7 w/0.1% HT-50 at 10°C. (1000 If':i coli- 02 10C in table'and graphs)

RESUL DI CUSSION

The initial sample sereening indicated that the beef chubs’ were ﬁ% of Sabnoneﬂa & E. coli
O157:H7 and had re}ahvsaly low. mmai a&mbm plate. caunt, ana@mbsc piaxe count of 750 cfu/g

count of al tramants at Day 0 were inthe rangs of 1 %%5 ﬂﬂﬁ @fufg {&w taiaiﬁ)

Aerobic, Anaerobic and Psychrotropic. giata counts showed very szmﬁar growth trends (graphs
2, 3,and 4). The most impertant variable in the rate of growth was: ttsm;m*amre All three
plate connts reached 1.0 x 107 ofu/g or higher by Day 4 for all sample treatments stored at 10°
C. Samples stored at 4° C reached similar levels (1.0 x 107 cfu/g orhigher) at Day 10 or Day
12. Higher storage temperature (10° C) accelerated the nticrobial growth and shortened the
shelf life of the ground beef. The growth of spmiage organisms appears to be slightly faster in
those samples containing the 0.4% carbon monoxide, 30% carbon dioxide and 69.6%
nitrogen atmosphere, but the effect is not pronounced. The appﬁamma {caler) of the samples
differed dramatmaﬂy, hawaver, depending upon the siorage atmosphere. All the samples
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packaged under the 0.4% carbon monoxids, 30% carbon dioxide and 69.6% nitrogen
atmosphere remained bright mé in color t?mug%wm the test, even when the meat was stored at
10°C and plate counts reached over 300-milkion (3x10% cﬁs/g ‘This was verified :
instrumentally in the a* color valies (see table and graph1). ‘In contrast, the samples stored
under the 82% oxygen / 18% carbon dioxide showed loss of ted color, with color fading
‘becoming very evident before plate counts ma@hed 10x 10’ cfw’g, the level regarded as
indicating. spoﬂage

The initial Salmonella counts (irsatment # 5—9 Day 0) were si;g?bﬂy wwar than the mrgeted
concentration of 1000 cfit (see table). . This type of loss on inoculation has been seen in the
past but does not affect the validity of the study, since starting levels were similar between
samples to be compared. Salmonelln growth at 10°C was much faster in the 0. 4% carbon
monoxide, 30% carbon dioxide and 69.6% nitrogen aﬁms;ahw than in the one containing
82% oxygen and 18% earbon dioxide and reached higher levels during the study (graph 5).
The samples inoculated with 5000 cfu/g: expenaxm&d even higher gmwﬁa The sample
inoculated with 5000 cfu of Salmonella reached a concentration of 80,000 cfu/g on day 10
when stored at 10 °C. Even though the Salmonella levels were this lngh and the aerobic,
anaerobic and psychrotrophic caunts wete extraoadmam}y high, this sample had the
appearance of fresh red meat.

Salmonella growth at 4 °C was much slower and in fact, Iﬂvﬁw peaked at fairly low levels at
day 6 in the §2% oxygen and ] l&%cm%oﬂmamde tmosphere and day 8-in the 0.4% carbon
monoxide, 30% carbon dioxide and 69.6% mtmgen atzmsgshﬁw and then fell to lower levels
© {see table and graph 6).

The nitial E. coli O1 57 H7 comts were higher thamha targ@t concentration (ireatment # 10,
11, Day 0). E. coli O157:H7 gmw%h at 10°C was faster in the 0.4% cm}m monoxide, 30%
carbon dioxide and 69.6%. nitrogen atmosphere than in the one aommmg 82% oxygen and
18% carbon dioxide and reached higher levels during the study (graph 7). Just as in the case
of Salmonella, the E. coli O157T:H7 sample stored in the carbon monoxide containing
atmosphere had the. appearance of fresh red meat thmugbeut the- smdy



Selected photos are attached electronically as Appendix 1. These are:
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ILPRA MAP machine was sanitized and the results of the sponge confirmation test and retail
beef re-packing indicated the machine was free of any testing pathogens.

References:

Official Methods of Analysis of AOAC International, 17* edition, 2000,
Bacteriological Analytical Manual By AOAC, 8" edition, 1998 Revision A.



Table: Color and Microbial Growth in Study Samples

Sample

Da
¥

.a%

Aerobic
Count
(cfulg)

(cfu/g)

A;éaé?g;bic,
Count

Bsyé&tatmp

: i {Saamfxt
| (efw/g)

Pathogen
Count
(cfu/g)

32

1o

10

| 3500

' 90000000

Control CO 4C 0 , .
4 1296 | 43000 48000 | 73500 -

16 2658 | rasam 05008 | axso00 )

8 |81 | 1500000 | 3200000 | 3500000 ;

10 |25 | sovoomo 24000000 | 23500060 -

12 {2745 | 14060000 41000000 ’zéjgznm@ -

|14 12796 | ssoa00p. 33500000 58500000 .

Control CO 19C ] 1909 2600 Ju 100 .
12 |2 wm’sﬁ;@ msmm 14530% - -

t g Lwwwow  Towwwo | oo ]

6 2503 | 200060000 | 2ssop000 :mmw ;

5 {265 | 17000000 | soovooven 230000000 -

0 s . - . .

12 |22 |. - . .

IR - ¢ .

Control 02 4C o 2666 | 1200 1380 fame -
4 lmm | s 25500 {24500 -

6 2265 | 70000 11506 | 140000~ -

8 .25 | sestng 1100000 | 730000 .

10 | issa | ssieoso L 8160000 -

12 | 1841 | 10300000 25000000 | 32500000 .

14 | 1712 | 12000000 30506000 | 22000000 .

Contrel 02 10C 0 26.72 | 1800 - usp 2000 -
2 | 2127 | sssene 450000 | aooono -

K 1803 | az000000 7500000 | sesnoee0 .

6 |17 | cosoano 110900000 | vasoon000 -

8 | 125000000 -

10

6.87

-

170000000




2 {em |- ;
4 em |- .
soso Salmonella 02 | 0 2156 | 3100 | 3080 2700 380
4 2072 | 23000 30000 35000 260
¢ 2218 | 5000 115000 176600 1460
8 2024 | 1400000 2350000 1550000 310
110 | 1832 | aveseno 906005 6500000 - 270
f12 | 17es ixzsoma 26000000 20000000 200
14 | 1632 | soosoeo 29500600 13500000 200
1000 Salmonella 02 | 0 2807 | 1150 1300 3300 380
HC
2 2091 | 350000 395000 425000 670
4 18,66 | 83500000 | 83000000 \hnﬂm@m 4800
] 1272 | 65000006 165000000 165000000 11600
8 879 | 160600060 170008000 wmam; 12000
10 658 |- - - 11000
2 jem |- . . -
14 les |- . . .
00D Salmonella CO. | 9 2247 | 1208 2250 2700 530
4 2694 | 33500 46000 62000 47
6 1758 | 230000, 405600 510000 420
8 27 2150000 4200000 4650000 1300
| 2896 | 13soo000 26506000 27000000 330
12 | 249 | 21000000 44300000 56500000 200
14 | 2663 | 11500000 49000000 1 46086000 270
ig?:ﬂSa{mmeﬂa co |e 24,02 | 1250 1250 2550 500
2 2594 | 80000 1600060 1509600 2700
4 63 | 945060000 93000000 140000600 23000
6 2697 | 205000000 210000000 320000000 23000
8 2538 | 145000000 155000900 170000000 28600
( 1o 2115 | - - - 8500
12 | 267 |- . - .




4 |26 |- - .
5000 Solmonella CO | 0 | 2444 | 2600 2200 6150 | 2300
10C : »
1 | 2487 | assete’ 585000 | 7000 5700
4 | 2838 | esesveco B808000 125000000 39000
6 | 2500 | 120000000 220000000 { 350000000 39000
8 2646 | 240000000 236000000 200500000 41000
w |23 |- - - 1 80000
12 | 2688 |- - - -
i’y ",\zmar - - - -
WO0EaliCOIOC |0 . | 2031 | 4250 | 3850 5550 2900
2 24.04 | 600000 595000 | o000 - 9750
4 | 2608 | c4duoone 78000000 | 125000000 14000
6 |94 |1osomoes | 250000000 | 380008000 28000
{s | 2682 | 215000000 225000000 | 205000000 6000
IRE - - 6300
EREEE - . ]
(| rmaa |- . . .
1000 Ecoli 0210C | 0 w8 | 4200 2450 3150 . 2700
- zgm ism' 305000 :{vm \ £100
4 |15 | soooo000 68000000 71500000 9300
6 1376 | 60000000 85000000 40000000 7000
8 9.06 | 25000060 105006000 | eso00n00, 15000
v |7 |- - ' i- " 8500
a2 fras |- . g -
1 {13 |- . . .
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Gé'aph 1. Meat Color as Function af;ﬁma
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Aerobic Plate Court 7 gm

Graph 2. Aerobic Plate Count as Function of Time
L : Cmspee . Control GO 40
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Anasgroble Plate Count 7 gm

Graph 3. Anaerobic Plate Count as Fummn of Time

Effect of Tempemture and Atmcsphere
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Psychrotrophs Count / gm

Graph 4. Psyfahmﬂwhw Plate Caunt as Function of Time
Effect of Tempamtwe and Atnmspham \
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?éthogen count / gram

{Thousands)

Gréph 5. Salmonella Levels

Growth at 10 degrees C

50 -
3 i
Z ;
R S
40 G G
i I —+— 1000 ciy Satmonelia
. oxygen 10C
30 ( }
C ey - A~ 1000 efu Salmonelia
- ;oA - T K carbon monoxide 10C
2 r / ~ O~ 5000 cfu Saimonelia
B [ carbon monoxide 10C
10 _ 1[ : »ﬁ-M*Ww-
B [ / #
_ —'(:fl N
Q - K ’*’
f../ "F s / s
o i:&*mz:'—:m*/ 4 § 1
0 2 4 6 .8 T 40
Time (days}

-15-



Pathogen count / gram

Graph 6. Salmonella Levels
~ Growth at 4 degrees C

2000

1600

A, © s+ 1000 Saimonelis
/ ] “exygen 4C
) / . —9¥- 1000 Saknonela
N  carbon monoxide 4C

1200

800

l’]}ifi{i?!l!i‘f!l

7
f
I
4
I
!
Qe
o

400 ¢

v & 1 = ¥

. ——g e L %

Time (days) -

-16-



Pathogen count / gram

Graph 7. E. Coli O157:H7 Levels
Growth at 10 degrees C
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